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EXECUTIVE SUMMARY

Expressway medians provide a separation area between opposing lanes of traffic.
Crossovers in medians provide protection and control for cross and turning traffic. The objective
of this study was to provide a means for MoDOT engineers to determine whether particular high-
speed rural expressway crossovers are performing satisfactorily and, if not, to assess alternatives
for crossover design.

Design practices of other states were examined and alternative design options were
identified. The Highway Capacity Manual (HCM) approach and the CORSIM simulation
technique were compared to determine how best to identify appropriate alternatives. A
procedure was then developed to assist MoDOT district traffic and design engineers in selecting
improvements for existing crossovers as they become congested. That procedure is described
directly below.

RECOMMENDED PROCEDURE FOR SELECTING IMPROVEMENTS
1. Identify potential problems at Type II rural crossovers. It is expected that MoDOT Districts
are aware of possible congestion and safety problems at their crossovers through their normal

procedures of observation and through citizen comments.

2. Observe specific crossover during likely time periods of concern to identify congestion
problems. If problems are observed, continue to step 3.

3. Examine list of potential alternative treatments (see Ch. 2). Identify feasible treatments and
appropriate performance measures (see Ch. 3).

4. Apply CORSIM simulation tool to existing condition and to feasible treatments (see Ch. 4).
Input data will include of geometric, operations, demand, and control data. Outputs will
include performance measures to compare alternatives.

5. Estimate costs of treatments (see Ch. 6).

6. Identify best alternative, based upon selected performance measures.

7. Implement and monitor solution.



INTRODUCTION

Expressway medians provide a separation area between opposing lanes of traffic.
The normal purpose of a crossover is to provide access for crossing traffic, left-turning
traffic, and U-turning movements. Crossovers in those medians provide protection and
control for cross and turning traffic. MoDOT only considers Type-II median crossovers
at State Routes, county roads, and major streets.

This report describes the results of the first phase of a study of rural median
crossovers. The immediate following sections describe the objectives, present
conditions, technical approach used. This is followed by a lengthy section describing
results and conclusions.

Within the section on Results and Discussion, Chapter 1 describes introductory
information. Chapter 2 describes a wide range of treatments that can be considered for
crossovers experiencing or expected to experience congestion. Chapter 3 summarizes
various performance measures (measures of effectiveness) that a MoDOT engineer might
wish to use in examining the alternatives for improvement. Chapter 4 provides a
description of how to apply the CORSIM model to simulate crossovers and examine
improvement strategies. Similarly, Chapter 5 describes the HCM approach and why it
was found to be a inferior to CORSIM for analyzing the problem of rural crossovers.
Chapter 6 provides information on estimating costs. Appendix 1 provides a summary of
some of the research and design literature relevant to the problem of rural crossovers.
Appendix 2 summarizes recent state design, operations and safety experience. Appendix

3 provides information about crossovers of concern to MoDOT Districts.
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Introduction

Expressway medians provide a separation area between opposing lanes of traffic. The normal
purpose of a crossover is to provide access for crossing traffic, left-turning traffic, and U-turning
movements. Crossovers in those medians provide protection and control for cross and turning traffic.
MoDOT only considers Type-II median crossovers at State Routes, county roads, and major streets.

This report describes the results of the first phase of a study of rural median crossovers. The
immediate following sections describe the objectives, present conditions, technical approach used. This is
followed by a lengthy section describing results and conclusions.

Within the section on Results and Discussion, Chapter 1 describes introductory information.
Chapter 2 describes a wide range of treatments that can be considered for crossovers experiencing or
expected to experience congestion. Chapter 3 summarizes various performance measures (measures of
effectiveness) that a MoDOT engineer might wish to use in examining the alternatives for improvement.
Chapter 4 provides a description of how to apply the CORSIM model to simulate crossovers and examine
improvement strategies. Similarly, Chapter 5 describes the HCM approach and why it was found to be a
inferior to CORSIM for analyzing the problem of rural crossovers. Chapter 6 provides information on
estimating costs. Appendix 1 provides a summary of some of the research and design literature relevant to
the problem of rural crossovers. Appendix 2 summarizes recent state design, operations and safety

experience. Appendix 3 provides information about crossovers of concern to MoDOT Districts.

Objective

The objective of this study was to provide a means for MoDOT engineers to determine whether
particular high-speed rural expressway crossovers are performing satisfactorily and, if not, to assess

alternatives for crossover design.



Present Conditions

MoDOT only considers Type-II median crossovers at State Routes, county roads, and major
streets. There is currently no procedure to determine the conditions under which alternative treatments

should be considered.

Technical Approach

The design practices of other states were examined, as well as design alternatives that have been
suggested in traffic and highway design references. Two alternative tools to evaluate potential
improvements, the Highway Capacity Manual > (HCM) approach and the CORSIM simulation technique,
were compared to determine how best to identify appropriate alternatives. A procedure was then developed
to assist MoDOT district traffic and design engineers in selecting improvements for existing crossovers as
they become congested with increasing crossing and left turn movements. Phase II of this study will

provide further useful information from an extensive field study of existing crossovers.



Results and Discussion

L INTRODUCTION

As described in the Missouri Department of Transportation’s (MoDOT’s) Policy,
Procedure and Design Manual ', expressway medians provide a separation area between
opposing lanes of traffic. Crossovers in those medians provide protection and control for
cross and turning traffic. MoDOT only considers Type-II median crossovers at State
Routes, county roads, and major streets. A simplistic sketch of a Type-II median
crossover is shown in Figure 1-1. Detailed sketches are available in MoDOT’s design

manual and through its web site °.

Figure 1-1: Type Il Median Crossover

The normal purpose of a crossover is to provide access for crossing traffic, left-turning traffic, and

U-turning movements. Each of these three movements can be complex for the following reasons:

e  While the expressway speed is high, speeds of crossing and turning vehicles are low.
e  The lengths and required turning paths of the various design vehicles making these movements must

be accommodated within the median width.
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e  Crossing, left-turning, and U-turning drivers must find gaps in conflicting traffic before they leave the
Crossover.

e The presence of other waiting vehicles can block a driver’s view of conflicting traffic.

e The combination of crossing, left-turning, and U-turning traffic and the conflicting traffic to which

these movements must yield can lead to a situation in which through lanes of the expressway may be

blocked.

The objective of this study was to provide a means for MoDOT engineers to determine whether
particular high-speed rural expressway crossovers are performing satisfactorily and, if not, to assess
alternatives for crossover design.

The design practices of other states were examined, as well as design alternatives that have been
suggested in traffic and highway design references. Two alternative tools to evaluate potential
improvements, the Highway Capacity Manual * (HCM) approach and the CORSIM simulation technique,
were compared to determine how best to identify appropriate alternatives. A procedure was then developed
to assist MoDOT district traffic and design engineers in selecting improvements for existing crossovers as
they become congested with increasing crossing and left turn movements. That procedure is described

directly below.

RECOMMENDED PROCEDURE FOR SELECTING IMPROVEMENTS
1. Identify potential problems at Type II rural crossovers. It is expected that MoDOT Districts are aware
of possible congestion and safety problems at their crossovers through their normal procedures of

observation and through citizen comments.

2. Observe specific crossover during likely time periods of concern to identify congestion problems. If
problems are observed, continue to step 3.

3. Examine list of potential alternative treatments (see Ch. 2). Identify feasible treatments and
appropriate performance measures (see Ch. 3).

4. Apply CORSIM simulation tool to existing condition and to feasible treatments (see Ch. 4). Input data
will include geometric, operations, demand, and control data. Outputs will include performance
measures to compare alternatives.

5. Estimate costs of treatments (see Ch. 6).

6. Identify best alternative, based upon selected performance measures.
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7. Implement and monitor solution.

ORGANIZATION OF THIS section

Chapter 2 describes a wide range of treatments that can be considered for
crossovers experiencing or expected to experience congestion. Chapter 3 summarizes
various performance measures (measures of effectiveness) that a MoDOT engineer might
wish to use in examining the alternatives for improvement. Chapter 4 provides a
description of how to apply the CORSIM model to simulate crossovers and examine
improvement strategies. Similarly, Chapter 5 describes the HCM approach and why it
was found to be inferior to CORSIM for analyzing the problem of rural crossovers.

Chapter 6 provides information on estimating costs.

Appendix | provides a summary of some of the research and design literature relevant to the
problem of rural crossovers. Appendix 2 summarizes recent state design, operations and safety experience.

Appendix 3 provides information about crossovers of concern to MoDOT Districts.

12



I1. ALTERNATIVE TREATMENTS TO ADDRESS PROBLEMS

There are several kinds of problems related to the Type II median crossover. NCHRP Synthesis
281: Operational Impacts of Median Width on Larger Vehicles *and NCHRP Report 375: Median
Intersection Design > provide comprehensive analyses of median opening operations for urban, suburban,
and rural highways. The rural highways problems and alternative treatments applicable to Type Il median

crossovers described in these reports are summarized below. The identified problems are *:

1. Undesirable driving behavior, including:
e Encroachment on through lanes by vehicles in the median opening,
e  Side-by-side queuing in the median opening, and
e Angle stopping in the median opening.

2. Collisions between left-turning vehicles and vehicles stopped in the median opening.

3. Collisions between vehicles turning left from the divided highway and other same-direction vehicles.
4. Collisions between vehicles turning left from the divided highway and opposing through vehicles.

5. Collisions between vehicles making U-turns and opposing through vehicles.

The task of choosing particular mitigation techniques is based on the types of collisions to be
prevented. Mitigation techniques, described in NCHRP Synthesis 281 * and NCHRP Report 375 °, for each
of the above five problem types are described below. The reader is referred to the above references for

more detailed discussion of specific measures.

Undesirable Driving Behavior and Collisions Involving Vehicles in the Median
Opening Area

(1)  Reconstruct rural highways with wider median.

The width of median should be able to store safely at least one of the largest
vehicles using the intersection most often. In some cases, several vehicles may
need to be stored. The width of the median should not attract an additional vehicle
to enter if the added vehicle would encroach on the through lanes.

(2)  Prohibit left-turn maneuvers.

(3) Close median opening.

13



(4)  Reconfigure median to prohibit crossing maneuvers while still permitting left turns.

For the above three techniques, consideration must be given to the alternate routes
that will be used by the diverted traffic and the traffic operational and safety
impacts on other locations.

(5) Provide median acceleration lanes.

It was indicated by NCHRP Report 375 ° that, on the basis of the guidelines used by
state highway agencies, acceleration lanes for left-turning vehicles from a crossroad
onto the divided highway should be considered at locations where adequate median
width is available and:

(a) limited gaps are present in the major-road traffic;

(b) the low-speed turning traffic merges with high-speed through traffic;

(c) rear-end or sideswipe accidents crashes are prevalent;

(d) required intersection sight distance is not present; and

(e) there are high volumes of trucks turning into the divided highway from the
median opening.

(6) Extend edgelines to better define median opening area.

(7) Mark double yellow centerline on roadway in the median opening to discourage
angle stopping.

(8) Remove STOP signs in median. NCHRP Report 375 ° states that most highway
agencies use no control in the median opening area for median widths up to 9m
(30ft). Most use YIELD control for median widths from 9 to 25m (30 to 82ft).
Most use STOP control for median widths greater than 25m (82ft).

(9) Install traffic signals. Traffic signals are seldom used in rural areas. Traffic signals
at median openings should be considered only when the signal warrants of the
Manual on Uniform Traffic Control Devices ® are met *.

Collision Between Vehicles Turning Left from the Divided Highway and Other
Same-Direction Vehicles

These collisions are often caused by turning conflicts that are not expected by through
motorists on the divided highway. The large speed differences between the turning and
thorough vehicles contribute to crash frequency and severity *. Mitigation techniques
include:

(1) Install advance intersection signing.
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Intersection advance warning sign or advance guide signs, with the name of the
intersecting road, or both, can be used *.

(2) Install bigger signs.

(3) Install better delineation.

This method can include:
(a) marking channelizing islands with reflective paint,
(b) creating obvious breaks in delineator spacing at the crossover, and

(c) creating obvious breaks in pavement markings at the crossover *.

(4) Implement lower speed limits.

A speed limit change should only be considered on the basis of an engineering
study °.

(5) Implement advisory speeds on major road *.

(6) Increase the deceleration and storage length of existing left-turn lanes.

AASHTO gives guidance on lengths for left-turn lanes, based upon the appropriate
distances for deceleration and storage .

(7) Prohibit left turns from the major road.

(8) Close the median opening.

Alternate routes must be considered for the last two options.
Collisions between Vehicles Turning Left and Opposing Through Vehicles

Limited sight distance is the primary cause of this kind of problems. Mitigation
techniques include:

(1) Prohibit left turns from the major road.

(2) Close the median opening.

Consideration must be given to the alternate routes for both of these options.

Collisions Between Vehicles Making U-Turns and Opposing through Vehicles

15



U-turn maneuvers have potentially higher safety risks than comparable left-turn
maneuvers. Mitigation techniques for the accident pattern involving U-turn collisions
include:

(1) Increase width of paved/stabilized shoulder to allow trucks to swing wider.

(2) Reconstruct highway with wider median or reconstruct at selected intersections.

(3) Provide a different median crossover or indirect routes for U-turns.

(4) Prohibit U-turn maneuver or U-turn maneuvers by larger vehicles.

(5) Close the median opening.

Consideration must be given to the alternate routes for these options.

NCHRP Synthesis 281 * indicates many highway agencies have problems with medians that are
too narrow. While only some of these medians would serve the same purposes as Type Il median

crossovers, Table 2-1 is included below to show use of some general countermeasures to address problems.

16



TABLE 2-1: HIGHWAY AGENCY USE OF SPECIFIC MITIGATION MEASURES FOR
TRAFFIC OPERATIONAL PROBLEMS RELATED TO LARGER VEHICLES AND NARROW

MEDIANS *
Mitigation Measures Agencies Using
This Measure”

Reconstruct highway with wider median 4(15.4)
Reconstruct highway with wider median only at selected intersections 7(26.9)
Provide left-turn lanes 19 (73.1)
Prohibit left turns 9 (34.6)

Close median opening 15 (57.7)
Reconfigure median to prohibit crossing maneuvers while still permitting left turns 6 (23.1)
Provide median U-turn roadways 4 (15.4)
Provide median acceleration lanes 7 (26.9)
Improve signal timing at adjacent signals 11 (42.3)

" Percentages (shown in parentheses) are based on the total of 26 highway agencies that report traffic

operational and safety problems related to larger vehicles and narrow medians.
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III. ALTERNATIVE PERFORMANCE MEASURES

The performance measures most often used to analyze intersection operations are
volume-to-capacity ratio, delay, level of service, queue length, fuel consumption, and
stops. For the specific problem of congested rural Type II crossovers, another important
performance measure is the proportion of time a through lane on the expressway is

blocked (closely related to queue length) by vehicles waiting to use the crossover.

The tools examined in this report are simulation, through the NETSIM program within CORSIM *,
and the Highway Capacity Manual > (HCM), as applied through the Highway Capacity Software ° (HCS).

The ability of each of these two approaches to provide relevant performance measures is presented below.

CORSIM PERFORMANCE MEASURES

The CORSIM program provides a range of performance measures, based upon a
summary of traffic conditions present during its simulation runs. There are two different
ways to view the output. One option is to view an animation of the simulation. This can
be useful in identifying obvious traffic problems that would result from a particular
design.

The other option is to view tables and graphs summarizing results. This latter option can prove
useful in evaluating alternatives quantitatively. CORSIM provides the following system-wide measures of
effectiveness:

e Average total delay (vehicle-minutes)
e  Average delay per vehicle (seconds)
e  Average percent stops

e Average queue length

e  Average maximum queue length

e  Average fuel consumption (gallons)
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e  Average fuel consumption (mpg)
e Total Emissions of HC (grams/mile)
e Total Emissions of CO (grams/mile)

e Total Emissions of NO (grams/mile)

CORSIM can also describe for each link:
e Time spent moving

e Time spent stopped

e Average queue by lane

e  Maximum queue by lane

e  Number of lane changes

e  Average vehicle occupancy

Importantly, CORSIM allows one to place a simulated detector at a location of interest.
Since it is desirable that median crossover traffic not block expressway through lanes, an

obvious location for detectors is in the through lanes at the crossover.

HCM/HCS PERFORMANCE MEASURES

The HCM (and HCS) provides a smaller number of measures, based upon the expected average
flow conditions predicted from its analytical approach. The principle measures output by the HCS program
are average control delay (in seconds) and the level of service resulting from that average delay. The HCS
output can be manually manipulated to estimate average queue length and maximum (actually 95"
percentile) queue length. In theory, one should be able to determine the maximum queue length expected
in the crossover. However, as described in Chapter 5, the researchers were unable to adapt the HCS to

provide that desired result.
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RECOMMENDED PERFORMANCE MEASURES

A principle performance measure should be the proportion of time a through lane on the
expressway is blocked (closely related to queue length) by vehicles waiting to use the crossover. It would
also be desirable to provide the performance measures estimated by CORSIM for use as additional

measures of effectiveness.

20



Iv. USING SIMULATION TO EVALUATE ALTERNATIVES

Simulation models are often used to augment Highway Capacity Manual * (HCM) results or in
some cases to address issues that cannot be effectively resolved using the Manual. Existing tools for the
analysis of highway operations contained in the HCM are based upon deterministic models that simply
execute known relations efficiently '°. In many situations this approach works well. In others, where there
exist significant random components, such as vehicle arrivals and queuing, a stochastic approach may be
more efficacious. Interrupted flow simulation models, such as CORSIM ¥, attempt to incorporate
randomness in a system explicitly. They use traditional statistical techniques to represent complex systems
thus allowing inferences to be made about system behaviour. These types of models have many strengths.

They allow:

e  Explicit treatment of the randomness which is innate to the crossover situation,
e Study of the effects of changes on the operation of a system,
e Experimenting with new situations that do not currently exist,

e  Modeling of queuing processes.

Other features relevant to rural crossovers, which are currently not available in the HCM but which

CORSIM provides, are '':

e  Oversaturated conditions

e Bus and truck activity

e Special lane use

e  Geometrically offset intersections
e  Explicit actuated control

e  Alternating arrival characteristics

e Two stage gap acceptance - especially applicable for analysis of rural crossovers

21



CORSIM is a microscopic simulation model for an integrated urban network freeway network, or
corridor analysis. CORSIM consists of FRESIM, a microscopic model of freeway traffic, and NETSIM, a
microscopic model of urban streets, as well as a traffic assignment model. CORSIM was chosen for this
study for several reasons. It was developed for the Federal Highway Administration, has many qualities
that recommend its use, as described later, and is commonly used in the industry and is the software of
choice at MoDOT.

As indicated in previous sections of this report, rural expressway facilities can generate hazardous
crossing situations and confusing vehicle operations at rural median crossovers. As volumes increase
through a crossover area, multiple vehicles can be positioned in the median so they actually block each
other and impede visibility to oncoming vehicles. The AASHTO Green Book ' does not provide a
complete solution to the problem. No guidance is provided on how to solve the problem of crossing
vehicles stacking up in the median area, or the hazard that can be created by long vehicles protruding into
the through lane. Further, AASHTO does not provide a solution for those crossovers which have been
placed in a median that is narrower than 60 feet. The purpose of this chapter is to explain the use of
simulation software, which may be used to address these issues, for evaluating alternative rural crossover

designs.
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Five designs were chosen as illustrative of what may be used in Missouri. They
are depicted in Figure 4.1. The CORSIM software was used to evaluate two of these
configurations for two different operational and control situations described later. This
exercise provides information about the use of simulation software for this purpose. The

information will be used in the following pages to evaluate that use.

INPUT REQUIREMENTS

There exist four general categories of inputs and outputs: geometrics, operations, demand and
control. Geometrics describe the physical network over which vehicles travel. Details include number of
lanes, turn bays, lane lengths, lane use and grade as well as topology. CORSIM uses the link-node concept
to represent networks where a link represents a road section and a node represents either an intersection or
a change in road geometry. Creation of the five alternative cases as shown in Figure 4.1 required
approximately 45 minutes to one hour each. Operational data are link specific - for example, capacities,
lane use, lane restrictions, free flow speed, HOV lanes, parking, lane blockages, and so on.

Demand data may be entered in two different ways in CORSIM, either by using O-D data at the
entrance and exit points of the network with turn proportions specified at intersections, or by entering
explicit volumes on links and turn volumes at intersections. Up to sixteen different time periods may be
defined which are used to divide the simulation into periods of similar character such as pre-peak hour,
peak hour and post peak hour. Control data include the full array of signage and signals. Entry of volume
data requires fairly significant manipulation in order to put it into a useful form. Total time per site took
about 1 hour which includes data entry and reduction, and reallocating volumes under the alternative
scenarios (these would need to be done regardless of tool used). Schematic drawings of the two
alternatives are provided in Figure 4.2.

The TRAF suite of software includes a graphical interface, called ITRAF, a simulation algorithm
called CORSIM and a graphics generator called TRAFVU. ITRAF allows creation of a transportation
system relatively quickly and easily along with the entry of the other data types, and TRAFVU provides

animation of individual runs in addition to more familiar modes of data output as described below. TRAF
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is a Windows-based software and provides very useful features that are common to this type of software,
namely, button-pad commands, on-line help facility, of course all menu driven, point and click inputs for
nodes and links in a network. It also allows a great deal of flexibility in the choices of other variables to
use. For example, the user may specify volumes entering the system with turn percentages at intersections,
or he/she may enter turn volumes explicitly at intersections. Lanes may be designated as being blocked if

one has interest in the effects of incidents on traffic.
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(insert Fig. 4.1 here)
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(Insert Fig 4.2a Schematics of Existing Conditions here)
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(insert Figure 4.2b. Schematics of Improved Conditions here)
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PERFORMANCE MEASURES

Outputs from simulation are provided in two very different forms. The user may opt to view an
animation of the actual implementation of his/her designs using specified geometrics, operation and control
information. This form of output allows one to identify gross problems with the intersection. It provides
an excellent means to eliminate problem configurations very quickly and to view alternative scenarios also
very quickly. The second form of output is the more familiar tables and graphics. This, for analytical
purposes is far superior. Tables 4.1 through 4.4 (shown at the end of this Chapter) provide a sample listing
of outputs obtained from CORSIM. These numerical outputs are crucial for assessing alternatives
quantitatively. Additionally, for each link a table or graph may be generated which tracks a variable of
interest over time - see Figure 4.3. As the Tables show, the software can be used to model all of the five

design options quite precisely.
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(Insert Figure 4.3 Time Plot of Total Vehicle Delay here)
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CASE STUDIES

Data for six type Il median crossovers were obtained from MoDOT District 8. The two sites
selected for analysis are Route 13 at Route O and Route 160 at Farm Road 157 both in Greene County.
The sites were examined under existing conditions and under one alternative geometry - case 3 depicted in
Figure 4.1. Case 3 was chosen due to its simplicity and for its relative low cost (see Chapter 6).

Route 13 is a 4 lane divided highway with 12 foot lanes, 6 foot inside shoulders, 10 foot outside
shoulders and a 60 foot median. There are no traffic signals at or near this location. Route 160 has the
same geometrics as Route 13 except for a 40 foot median. Data from the two locations were entered into
the TRAF software via ITRAF and were used to simulate operation at the sites. For the purpose of
illustrating the use of simulation software, each site's existing conditions and one alternative design were
examined. Simulation outputs allow both link-specific and system-level assessments. Both are useful in
evaluating alternatives. With regard to the former, the output tables were used to identify problem links at
the sites under existing conditions. Key performance measures were then compared for the two
alternatives: existing versus case 3. Table 4.5 depicts the comparisons. Table 4.6 compares selected
system-wide outputs as well for each scenario. As both tables illustrate quite dramatically, the alternative
design significantly improves most measures. The prime exception is fuel consumed which makes sense
given the requirement for vehicles to travel further to navigate through the intersection. The gains in delay
reductions, decreased queue lengths (with potentially lowered conflicts) and emissions levels all

recommend the alternative design.
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EVALUATION

When evaluating software it becomes necessary to establish its operating goals. What features do
we want it to have and what do we want it to be able to do? Features that are desirable for simulation
software as it is applied here include accuracy and ease of use - both of which are discussed in detail in the
paragraphs that follow. It should be noted that these features are often product specific. With regard to the
second question, as always, one has interest in safety and efficiency. Efficiency measures include
individual delay, queue length, fuel consumption and emissions. CORSIM provides all of these, as Tables
4.1 to 4.4 show. With regard to safety, CORSIM is similar to the HCM in its lack of safety outputs.
However, the wide variety and very detailed operational outputs allow for more accurate assessments of

safety.

Accuracy and Precision of the Model

There are two sources at issue here: assumptions that must be made (and their accuracy as they
pertain to rural crossovers), and the limitations of the tool selected. Since CORSIM is a stochastic model, it
is assumed to be as random as the real world. Consequently, its resulting performance measures are
samples from a population. That is, each measure is a random variable with a mean and variance. Several
runs for a given situation are therefore needed. For a specified confidence level, a considerable number of
runs may be necessary. In addition to confidence level, the number depends upon the variable of interest,
its variance and its required precision. For example, if queue length were the variable of interest, assuming
a variance of 4 and a required precision of 1 vehicle, the required number of runs would be around 16. The
appropriate number of runs derives from specification of a time interval duration which is used to control
the requirements for frequency of output in CORSIM. An appropriate interval must be assumed since the
variance of each variable is not known a priori.

Other notable limitations of the software include its inability to accept separate lane width for
median turn lanes. Thus, all lanes on a link must have the same width (e.g. left turn bays must be 12 feet in
this case); enter median acceleration lanes; specify link lengths less than 50 feet. While this last means the
software would not be directly usable for median widths of 50 feet or less, the software does give queue

lengths and so could be used even for narrow medians for this purpose.
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Ease of Use

Elefteriadou et al. ' established two criteria for assessing the ease of use of a simulation model,
namely how the software handles input data (preprocessing) and how it presents results (post processing).

The preprocessor, or input unit, used by the TRAF software package, as stated previously, is
ITRAF. It is a windows-based graphical user interface akin to a geographic information system style of
entry. It allows both graphical and numerical input of node and link positions, topology, and characteristics
via a map of the network and a series of dialogs. This of course is a subjective evaluation but the software
is fairly friendly. Indeed, it required a graduate student with fairly recent knowledge of the software only
15 minutes to enter all geometric data for each of the 5 configurations described before. Subsequent input,
essentially to revise volumes and some geometrics, requires perhaps 5 minutes on average.

The postprocessor or output unit which generates files for subsequent analysis is the CORSIM
component. CORSIM processes the input data from ITRAF and generates text output files with all of the
variables listed in Tables 4.1 through 4.5. This may then be viewed using the TRAFVU module which
allows tabular and graphical displays of the output data. The module also uses the output to simulate the
operation of the network in a graphical display. A "run" requires approximately 5 minutes. Generation of

graphics is fairly interactive, although the software is somewhat cumbersome in this regard.

CONCLUSIONS

Simulation software addresses several problems, listed in this report, that cannot be addressed by
the HCM model. It allows detailed analysis of wide medians and two stage gap acceptance situations. It
provides very detailed estimates of expected queue lengths and other critical performance measures that are
not provided by the HCM - in addition to delay measures, which are provided by both tools. Further, it is
stochastic in nature and therefore thought to be more appropriate for this type of analysis. Given the
relative low level of time required to use the software, its appropriateness for this application, its relative
ease of use, minimal data requirements, high levels of precision, and the richness of its outputs, the

simulation software seems an excellent tool for evaluating rural crossover alternatives.
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Table 4.1a: Site 1 Delay Measures

EXISTING VEHICLE MINUTES RATIO | MINUTES/MILE SECONDS/VEHICLE AVERAGE VALUES
VEHICLE MOVE | DELAY | TOTAL |MOVE/ | TOTAL | DELAY | TOTAL | DELAY |QUEUE* | STOP* |STOPS | VOLUME | SPEED
LINK MILES | TRIPS | TIME | TIME TIME |TOTAL | TIME | TIME | TIME TIME TIME TIME (%) VPH MPH
(8001,1) 398.0 398.0
(1,5 149.2 3940 | 138.2 13.7 151.9 0.9 1.0 0.1 34.6 13.6 11.8 11.8 4.0 394.0 58.9
(53) 151.5 400.0 | 140.4 78 148.2 1.0 1.0 0.1 22.2 1.2 B - - 400.0 61.3
(8006,4) 1,932.0 1,932.0
(4,6 702.3 | 1,854.0 | 6505 | 1,340.9 | 1,991.4 0.3 2.8 1.9 109.7 89.0 69.1 64.7 27.0 1,854.0 21.2
( 62) 6852 | 1,809.0 | 634.7 110.3 745.0 0.9 1.1 0.2 24.6 3.6 B - - 1,809.0 55.2
(8002,7) 92.0 92.0
(7.5 3.7 13.0 4.9 5.8 10.7 0.5 2.9 1.6 | 14224 1,409.7 | 14042 | 1,403.7 | 100.0 13.0 20.7
( 57) 9.6 34.0 12.8 2.2 15.0 0.9 1.6 0.2 26.5 3.9 0.1 0.1 - 34.0 38.4
(5,6) 0.1 7.0 0.1 3.3 3.4 0.0 | 1260 124.6 346.6 346.1 837.6 836.5 35.0 7.0 0.5
( 6,5) 0.3 32.0 0.4 3.2 3.7 0.1 12.1 10.7 173.6 172.8 171.1 170.4 40.0 32.0 5.0
( 6,3) 11.9 44.0 15.9 2.1 18.0 0.9 1.5 0.2 24.5 2.9 B - - 44.0 39.7
(8,6 7.9 29.0 10.5 31.0 41.6 0.3 53 39 | 12313 12176 | 12118 | 1,210.8 | 100.0 29.0 11.4
(8004,8) 102.0 102.0
CASE 3 VEHICLE MINUTES RATIO | MINUTES/MILE SECONDS/VEHICLE AVERAGE VALUES
VEHICLE MOVE | DELAY | TOTAL |MOVE/ |TOTAL | DELAY | TOTAL | DELAY |QUEUE* | STOP* |STOPS | VOLUME | SPEED
LINK MILES | TRIPS | TIME | TIME TIME |TOTAL | TIME | TIME | TIME TIME TIME TIME (%) VPH MPH
(8001,1) 398.0 398.0
( 1,3) 188.0 397.0 | 174.1 4.4 178.5 1.0 1.0 0.0 26.8 0.7 B - 1.0 397.0 63.2
(3,5 144.3 508.0 | 133.7 39.8 173.5 0.8 1.2 0.3 20.5 4.7 0.8 0.7 7.0 508.0 49.9
( 57) 125.9 4430 | 116.6 19.7 136.3 0.9 1.1 0.2 18.4 2.7 0.1 - - 443.0 55.4
(1.9 192.7 407.0 | 178.5 4.6 183.1 1.0 1.0 0.0 27.0 0.7 B - - 407.0 63.1
(8004,10) 1,932.0 1,932.0
( 10,8) 915.7 | 1,934.0 | 8482 52.6 900.9 0.9 1.0 0.1 27.8 1.6 B - - 1,934.0 61.0
( 8,6) s61.1 | 1,975.0 | 519.7 88.4 608.1 0.9 1.1 0.2 18.4 2.7 0.2 0.2 30 | 1,975.0 55.4
( 6,4) 5764 | 2,029.0 | 533.9 108.8 642.7 0.8 1.1 0.2 18.9 32 B - - 2,029.0 53.8
( 42) 911.9 | 1,926.0 | 844.7 109.1 953.8 0.9 1.1 0.1 29.7 34 B - - 1,926.0 57.4
(43) 13 111.0 25 1.6 4.1 0.6 33 13 22 0.9 1.1 1.0 25.0 111.0 18.5
( 7.8) 0.4 39.0 0.9 235 24.4 0.0 54.9 52.9 375 36.1 34.7 345 92.0 39.0 1.1
(8005,11) 123.0 123.0
( 11,6) 452 123.0 60.3 335 93.7 0.6 2.1 0.7 452 16.1 11.1 109 | 100.0 123.0 28.9
( 6,11) 29.8 81.0 | 397 53 45.0 0.9 1.5 0.2 333 3.9 0.1 - - 81.0 39.7
( 6,5) 0.3 26.0 0.4 8.2 3.6 0.1 29.1 27.8 19.8 18.9 17.2 15.5 34.0 26.0 2.1
( 5,6) 0.4 39.0 0.6 28.8 29.4 0.0 66.3 65.0 445 436 435 42.0 34.0 39.0 0.9
( 5,12) 58.0 153.0 773 9.8 87.1 0.9 1.5 0.2 34.0 38 0.1 - - 153.0 39.9
( 12,5) 375 990 | 50.0 15.9 65.9 0.8 1.8 0.4 39.5 9.5 4.1 39 | 100.0 99.0 34.2
(8006,12) 98.0 98.0
37889 | 2,567.0 59.7 9.2 68.9 0.9 1.1 0.2 1.6 0.2 0.0 0.0 16.9 55.0
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Table 4.1b: Site 2 Delay Measures

EXISTING VEHICLE MINUTES RATIO | MINUTES/MILE SECONDS/VEHICLE AVERAGE VALUES
VEHICLE MOVE | DELAY | TOTAL | MOVE/ | TOTAL | DELAY | TOTAL | DELAY | QUEUE* | STOP* |STOPS | VOLUME | SPEED
LINK MILES | TRIPS | TIME | TIME TIME |TOTAL | TIME | TIME TIME TIME TIME TIME (%) VPH MPH
(8001,1) 1,681.0 1,681.0
(1,5 611.7 | 1,615.0 | 566.7 623.0 | 1,189.6 0.5 1.9 1.0 793 58.4 49.1 47.6 25.0 1,615.0 30.9
( 5.3) 608.0 | 1,605.0 | 5632 99.7 662.8 0.9 1.1 0.2 247 3.7 - - - 1,605.0 55.0
(8006,4) 612.0 612.0
( 4,6) 229.6 6060 | 212.6 16.8 229.5 0.9 1.0 0.1 36.1 15.1 13.5 13.5 1.0 606.0 60.0
( 62) 218.2 576.0 | 202.1 9.1 2112 1.0 1.0 0.0 21.9 1.0 - - - 576.0 62.0
(8002,7) 72.0 72.0
( 7.,5) 3.1 11.0 42 3.7 7.8 0.5 25 12 | 12416 | 12267 12208 | 12203 100.0 11.0 23.9
( 5,7 42 15.0 5.6 0.6 6.3 0.9 1.5 0.2 25.1 2.5 0.1 - - 15.0 40.5
( 5.6) 0.1 5.0 0.1 0.1 0.2 0.4 3.2 1.8 | 1,123.1 | 11227 1,1225 | 1,1224 40.0 5.0 18.9
) 0.0 4.0 0.1 15 15 0.0 40.0 387 | 1,102.0 | 1,1015 1,100.8 | 1,099.5 100.0 4.0 15
( 6,8) 3.9 33.0 11.9 15 13.4 0.9 1.5 0.2 243 2.6 - - - 33.0 40.1
( 8.,6) 1.4 5.0 1.8 0.7 2.6 0.7 1.9 0.6 | 1,8928 | 18816 18762 | 18758 100.0 5.0 31.9
(8004,8) 79.0 79.0
CASE 3 VEHICLE MINUTES RATIO [ MINUTES/MILE SECONDS/VEHICLE AVERAGE VALUES
VEHICLE MOVE | DELAY | TOTAL | MOVE/ | TOTAL | DELAY | TOTAL | DELAY | QUEUE* | STOP* |STOPS | VOLUME | SPEED
LINK MILES | TRIPS | TIME | TIME TIME |TOTAL | TIME | TIME TIME TIME TIME TIME (%) VPH MPH
(8001,1) 1,681.0 1,681.0
( 1,3) 793.1 | 1,675.0 | 734.6 37.9 772.5 1.0 1.0 0.1 27.6 1.4 - - - 1,675.0 61.6
( 3,5 502.8 | 1,770.0 | 465.8 68.0 533.8 0.9 1.1 0.1 18.1 23 0.1 - - 1,770.0 56.5
( 5,7 507.7 | 1,787.0 | 4703 67.9 538.2 0.9 1.1 0.1 18.0 23 - - - 1,787.0 56.6
( 7.9 8182 | 1,7280 | 757.9 79.5 837.4 0.9 1.0 0.1 29.0 2.8 - - - 1,728.0 58.6
(8004,10) 612.0 612.0
( 10.,8) 289.3 611.0 | 268.0 10.5 278.5 1.0 1.0 0.0 27.3 1.1 - - - 611.0 62.3
( 8.,6) 188.9 6650 | 175.0 26.0 201.0 0.9 1.1 0.1 18.1 2.4 0.2 0.2 2.0 665.0 56.4
( 64) 196.0 690.0 | 181.6 34.6 216.2 0.8 1.1 0.2 18.8 3.0 0.1 - - 690.0 54.4
(42 279.8 591.0 | 259.2 13.0 2722 1.0 1.0 0.1 27.5 13 - - - 591.0 61.7
( 43) 1.1 97.0 2.2 225 24.7 0.1 22.4 20.4 15.3 13.9 14.1 13.9 63.0 97.0 2.7
( 7.8) 0.7 57.0 13 1.8